Tomato culture has great importance among vegetable crops, and Brazil is the 5th largest producer worldwide. Faced with an increasing mechanization in this culture, this study aimed at evaluating the energy demand in fertilization and transplanting operations to the implementation of tomato crop. The study was conducted at Santa Rosa farm, in the municipality of Morrinhos -GO. The experimental design was a randomized block with four replications, combined three displacement speeds and three engine speeds in each operation. The traction force, the power in draw bar, and time, specific and operational fuel consumptions were evaluated. The results showed that traction force and power had greater influence with increasing displacement speed. The traction force and power in fertilization operation were influenced by the depth of shanks. The power demand of mechanized sets has been changed by displacement speed, where used tractors proved to be oversized. There was a lower operational fuel consumption in the two fertilization and transplanting operations due to tractor over sizing.
Introduction
Currently, Brazil is the 5th largest producer of tomatoes in South America, leading the production, and in this region, the largest consumer market of its industrialized products. In 2015 the transplanted area was 56.69 thousand ha, whose total production was 3.672 million tons, with an average yield of 64.785 kg ha -1 . Among the Brazilian states with increased production, Goiás has a total production of 882.8 thousand tons, accounting for approximately 24% of national production (IBGE, 2015) .
Collection of seedlings with quality is critical to project success. They are responsible for the development of crops and production, in addition to allow obtaining fruits with quality (Marcos Filho, 2005) . Malformed seedling disables and affects the whole culture development, increasing its cycle and production losses (Echer et al., 2007) .
For mechanized system, it is primarily used a fertilizer distributor equipment with shanks in the corresponding spacing to seedling distribution system of mechanical transplanting. In the moment of fertilizer distribution, furrows are opened, and fertilizer is immediately applied.
The energy balance aims at establishing energy flows, identifying its total demand and efficiency, reflected by energy net gain and the ratio output/input, in addition to the amount needed to produce or to process one kilogram of a determined product. According to Bueno et al. (2000) , its main objective is to translate production factors into units or energy equivalent, and intermediate consumption, allowing the construction of comparable indicators between each other, and thus enabling intervention in productive system in order to improve its efficiency.
The energy evaluation can be performed based on measurement of fuel consumption per hectare, the main technical reference indicator in efficiency assessment of tractor use, since it demonstrates the involvement of several variables that influence the overall yield of fuel transformation supplied to the engine for useful work performed by implement (Serrano, 2007) .
During the execution of mechanized farming operations, part of the cost is attributed to the energy demand of the equipment, which is related to the operational yield capacity. According to ASABE (2006) , the traction force required in sowing, including rolling resistance, should be approximately 3.4 kN per row, varying 35% for more or for less.
According to McLaughlin et al. (2008) , with an appropriate selection of tillage system and the correct adjustment of seeder-fertilizer combine, a reduction in energy demand of agricultural machinery is obtained. By evaluating the energy consumption of different mechanized agricultural operations, Fernandes et al. (2008) concluded that tillage systems, with fewer operations per area, had lower fuel time consumption.
Authors, as Gabriel Filho et al. (2010) , studied the operational performance of agricultural tractors under different tillage systems as well as who evaluated the performance of pickup machine combine in bean harvesting operation, however in none case, tools which maintain the quality of operations were used . There are few studies on mechanization in the tomato crop, which led to the realization of an energy demand study to determine traction force, power and fuel consumption parameters. Therefore, this study aimed at determining the energy demand in the fertilizer and transplanting stages of the industrial tomato crop under three different displacement speeds and three engine speeds.
Material and methods
This study was conducted at Santa Rosa farm, located in the municipality of Morrinhos, Goiás. The average altitude is 770 m. The longitude and latitude are 17°44'31.7"S; 49°03'12.6"W respectively. The property has a total area of 290 ha, with the experimental area limited to 58 ha, under a central pivot, with flat and slightly tilted relief (4%), water content in soil around 30% and Dystrophic Red Yellow Argisol soil type (Embrapa, 2013) .
The equipments used to carry out the transplanting steps were separated regarding its fertilizing and transplanting operations. For the fertilization operation a New Holland TM 7010 model 4x2 TDA tractor was used, with power of 141 hp (104 kW) pulling one SLC, 7AS-2 model precision fertilizer for tillage, with four fertilizer units, spaced 1.2 m between rows. For transplanting operation, mechanized set was consisted of the same tractor used to pull the fertilizer, however, when pulled, using a hydraulic lift system, a transplanting Ferrari brand, FX model for no-tillage, with four units of transplanting spaced 1.2 m between rows, with a capacity for 36 trays and mass of 630 kg. The mechanized set used for fertilization is shown in Figure 1 and the set used for transplanting is presented in Figure 2 . For both operations the following variables were determined: traction force, power demand, and time, specific and operational fuel consumptions.
The traction force of mechanized has been obtained with the aid of a load cell installed between the tractor and Kratoscom fertilizer with 50 kN capacity, previously calibrated through hydraulic press with load cell measured by Instituto Nacional de Metrologia, Normalização e Qualidade Industrial (INMETRO). To determine the traction force required by transplanting, a "train" system was employed, whose constitution provides the use of two tractors, in which one is coupled to transplanting and another is used to pull the set. Through the difference between the traction force measured during the assay with transplanting and rolling traction, draft was obtained. This study was conducted in a no-till area, with a average slippage of the mechanized set of 6.8%.
The power demanded by mechanized sets was calculated from displacement speed and traction force during operation, according to Equation 1.
Wherein P is the required power (kW); F is the traction force (N) and S is the displacement speed of the operation (m s -1 ). In order to measure fuel time consumption, the same methodology of Oliveira et al. (2007) was used, by the completion of tractor fuel tank to the maximum level; subsequently, tractor is connected and operation implemented (same closing work) and it was disconnect from itself. The deposit was restocked through a graduated cylinder with a capacity of one liter; and the spend volume was recorded in a worksheet.
The specific fuel consumption was determined by the ratio between fuel time consumption and the average Power required for draw bar, which was obtained by the product between force and average displacement speed, calculated according to Equation 2.
Wherein Sc is the specific consumption (g kW -1 h -1 ), Tc é is the time consumption based on volume (L h -1 ), P is the power in drawbar (kW) and m is Diesel fuel specific mass (0.853 g mL -1 ).
Operational consumption was determined from the specific fuel consumption and the worked area during operations, as shown by Equation 3.
Wherein Oc is the operational consumption (L ha -1 ), Tc time consumption (L h -1 ); and Efc is the effective field capacity (ha h -1 ). The acquisition of the traction force data was performed using data acquisition Hottinger Baldwin Messtechnik (HBM), Spider 8 ® model, managed by HBM Catman ® 2.2 software installed on a laptop placed in the tractor.
For fertilization and transplanting operations, two experiments in a factorial design, according to randomized blocks with four replications were performed; whose plots had 50 m length (Figure 3 ). The factors evaluated were: displacement speeds (2.59, 3.20 and 3.60 km h -1 -V1, V2 and V3 respectively) and different engine speeds (1800, 2000 and 2200 rpm -N1, N2 and N3 respectively). Data related to assessed variables (traction force, power and times, specific and operational fuel consumptions), for both operations were subjected to analysis of variance. The means corresponding to the factors were analyzed using regression models, which were selected, based on determination coefficient and significance of regression coefficients using T test at 5% and 10% of probability. Table 1 shows the models found in fertilization and transplanting operations due to rotation and displacement speed factors for traction force (F), power (P), time consumption (Tc), specific consumption (Sc) and operational consumption (Oc) variables. It was found that only time consumption and operational consumption factors were not significant at the 5% of probability. .9V + 0.005N** V = Displacement speed; N = Engine rotation speed; * Significant at 5% of probability;** Significant at 10% of probability.
Results and discussions
In fertilization and transplanting, traction force, power, and specific fuel consumption variables showed significance in the interaction of factors analyzed at 5% of probability. Similarly, the time and the operational fuel consumptions were only significant at 10% of probability. For this significance level there was an interaction between the rotation speed and displacement speed factors in those assessed variables. Figure 4 shows the response surface for traction force due to rotation and displacement speed for fertilization operation. In this scenario, traction force had its lowest values when rotation and displacement speed were at maximum, thus obtaining a value of 13,000 N. When values of rotation and displacement speed decreased, traction force tended to increase the demand where reached significantly values of 13,500 N. Although there is no great difference between maximum and minimum values on the values found, they were significant. For lower values, there was an increase of the traction force. However, this increase tends to be more influenced by the depth of fertilizer shanks that worked to a greater depth than the transplanting operation.
This behavior was also found by Cepik et al. (2005) , when evaluated that the specific traction force required by shank was not influenced by displacement speed of seeder-fertilizer combine in any of the water content in soil, being higher in the 12 cm depth in a dry and friable soil and with no difference with humid soil. Silveira et al. (2005) also found increased traction demand, with an increase of sowing depth with continuous flow seeders.
The required traction force in transplanting operation is shown in Figure 5 , where a minimum value of 4,000 N and maximum values of 7,000 N were obtained. The lower traction force for transplanting operation can be explained because it is a complementary equipment operation that works at a depth and lower displacement speed, requiring less engine tractor power. In this context, the displacement speed was the factor that obtained the greatest influence on the demand of the required force for implement traction. Siqueira et al. (2013) characterized different Diesel fuel oil mixtures and reused soybean oil and evaluated the performance, on draw bar, of an agricultural tractor of tires and concluded that traction force increased as long as the enhance of operation speed. Bortolotto et al. (2006) evaluated a seederfertilizer combine in four speeds and three vegetation covers and observed the increase of the traction force required by mechanized set due to increased speeds. Figure 6 shows power behavior due rotation and displacement speed in fertilization operation. In this condition, power had its lowest values, reaching a minimum of 7 kW value when rotation and displacement speed showed higher values. Científica, Jaboticabal, v.44, n.4, p.502-512, 2016 ISSN: 1984 
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The implement power demand for fertilization followed traction force models for the same operation where at higher speeds and rotations lower required power values were obtained. This behavior can be assessed by the fact that there was one tractor with a high engine power and as thus, it reaches its maximum torque at higher rotations, thus being able to develop a higher speed.
The behavior of power values is directly connected to the traction force behavior. In this way, in a study with oat sowing, Silveira et al. (2005) found that with increasing depth of deposition from 1.97 to 2.68 cm, the traction force requirement increased from 3.78 to 5.51 kW and increased displacement speed from 5.24 to 7.09 km h -1 , adding 6.9% in traction force requirement. This statement corroborates with this study, where is also observed a small increase of demanded power in relation to displacement speed. Figure 7 shows power behavior in transplanting operation. In this case, the power obtained its smallest values when rotation and displacement speed were also lower. From the increased displacement speed and rotation, the power demand values tended to increase, and, according to the determined model, the most influential factor was the speed. The behavior can be reflected in this scenario, due to fertilization works in a greater depth of operation in the case of no-tillage, also promoting a first soil movement due to the fertilized rows. This did not occur with transplanting that was already working in the furrows made by the fertilizer, thus requiring less power.
The power required in transplanting operation was lower, reaching the minimum average value of 3 kW and a maximum of 5 kW. The lower power requirement of transplantation can be explained because it is complementary operation equipment of fertilizer and for working in a smaller depth and at higher displacement speed, requiring less power from the tractor.
Given this behavior, this study is in agreement with the tendencies found by Bortolotto et al. (2006) , that when analyzing the power required on the drawbar for a seeder with four displacement speeds in different vegetation cover, observed that the coverage condition with spontaneous vegetation was the one with higher power requirement while the desiccated and rolled oat did not differ between themselves.
On the same approach, Mahl et al. (2004) analyzed a seeder-fertilizer combine and found that there was a gradual increase in power with increasing displacement speed, so that when increased speed from 4.4 to 8.1 km h -1 there was an increase of 96% in power requirement.
In fertilization operation, fuel time consumption had no statistical significance in the interaction between speed of displacement and rotation factors. However, there was a trend of results to higher consumption with increased speed of displacement and rotation, as shown in Figure 8 . If tractor was stopped with engine running, consumption would be minimum. From the increased rotation and displacement speed, the time consumption values tended to be higher, with peak consumption of up to 19 L h -1 . In studies conducted by Almeida et al (2010) , the rotation was the most influential factor for the time consumption, which found that when there was a low engine speed and gear that provided a speed below 5.0 km h -1 , there was also, a lower instantaneous, time and specific fuel consumption. Figure 9 shows the response surface for time fuel consumption in transplanting operation, where the interaction of displacement speed and rotation factors were significant, and, as in fertilization operation, the rotation was the most influential factor. Time fuel consumption in transplanting operation was lower compared to fertilization operation, reaching the maximum value of 17 L h -1 . This behavior had an increasing value, which, with increasing displacement speed and specially increased rotation, there was an increase on time consumption. By the provision of the response surface, it can analyze that rotation had greater influence than the speed on the time fuel consumption in transplanting, due to the fact that as classes are separated almost along the axis of rotation.
By maintaining the same operational speed and reducing rotation of engine axis, Grogan et al. (1987) reduced the time fuel consumption by 17%. Silva et al. (2003) , alternating the engine rotation, found an increase of 71% in the time fuel consumption, with a single tractor engine in corn sowing operation. Figure 10 shows specific fuel consumption due to rotation and speed at fertilization operation. In this condition, the variable obtained its values reaching the minimum value of 1,400 g kW h -1 and higher values of 2,400 g kW h -1 .
Figure 10 -Specific fuel consumption (Sc) in fertilizer operation. Almeida et al. (2010) evaluated the energetic performance of a tractor and a precision seeder of notillage operation in the implementation of maize crop (Zea mays L.), where different gears and engine rotations were considered and concluded that by employing a higher engine rotation, there was a considerable increase in specific fuel consumption. Figure 11 shows the specific fuel consumption in transplanting operation. In this case, there were lower values when rotation and displacement speed had higher average values (4,000 g kW h -1 ). From the reduction of displacement speed and increased rotation, there was an increase for fuel consumption values.
Specific fuel consumption in transplanting operation was higher, reaching the maximum average value of 4,567 g kW h -1 while consumption in fertilizer operation reached the maximum of 2,400 g kW h -1 . This behavior shows that the specific consumption in transplanting operation is greater than that obtained in fertilization operation. This may be explained due to better use of power in fertilization operation, resulting in lower fuel consumption. Thus, the greatest specific consumption in transplantation use can be explained because it is an implement that demanded lower traction force and power, thus generating a greater specific consumption.
These results corroborate to those found by Cortez et al. (2007) , in which lower values of specific fuel consumption are obtained at higher operating speeds. Silveira (2008) found that the increase in speed from 3.5 to 7.0 km h -1 , in a same engine speed, showed a reduction in specific fuel consumption.
The behavior found for the specific consumption was the same found by Masiero et al. (2010) , where it was found that as increased displacement speed of tractor, greater the time fuel consumption and lower specific fuel consumption on average.
A similar result was obtained by Furlani et al. (2008) when evaluating the performance of a seeder--fertilizer combine found that the specific fuel consumption was higher when working at lower operating speeds, a fact explained by lower demand in the drawbar, as the power required by the system is a determining factor for obtaining this variable. It is evidenced the possibility of working with smaller rotations and appropriate speeds according to gear scaling in order to efficiently use the fuel, not only in tillage operations, but also in sowing operations.
In Figure 12 , operational fuel consumption in fertilizer operation had no statistical significance in the interaction of the analyzed factors. However, as in the time consumption variable, there was a trend of operational consumption values for different speeds of displacement and rotation.
In fertilization operation, the operational fuel consumption for the maximum displacement speed values and minimum for rotation studied was 10 L ha 1. However, according to increased rotation and lower displacement speed, this factor has tended to increase, turning consumption reaches until 18 L ha -1. This behavior was mainly influenced by rotation, because influence on the rise of values is greater than that found based on displacement speed. Mahl et al. (2004) found that regarding the variation of displacement speed of seeder-fertilizer combine, there was no effect on the fuel consumption and the effective field capacity and as long as speed increased, there was significant reduction in the operational fuel consumption and increased effective field capacity. Figure 13 shows operational fuel consumption in transplanting operation, where there was a trend of results with increased rotation values and decreased displacement speed.
In transplanting operation, the operational fuel consumption for the maximum values of displacement speed minimum for the rotation studied was 10 L ha -1 . However, in accordance with an increasing rotation and decreased speed, this factor has tended to increase; turning consumption reaches 16 L ha -1 when there was a lower displacement speed and higher rotation values.
This behavior, as well as fertilization operation, is mainly influenced by rotation, because influence on the rise of values is greater than speed values. However, the fuel consumption for average maximum values in transplanting operation was lower than values found in fertilization operation, thus transplanting operation is more economical when set to maximum operations and speeds. Lyra et al. (2012) evaluated two harvesters of sugarcane in three different displacement speeds and three engine speeds and concluded that displacement speed influence fuel consumption per harvested area.
The higher the operation speed, the lower the fuel consumption per worked area, that is correlated to the theoretical operational capacity, i.e., at a lower operational theoretical capacity there is a higher fuel consumption per worked area. 
Conclusion
The conditions where experiment was conducted it can be concluded that traction force and power in fertilization operation were more influenced by the depth of fertilizer shanks. The power of the mechanized sets obtained greater influence of displacement speed regarding increased values for transplanting operation.
The consumption achieved its highest values with increased rotation and displacement speed. Operational fuel consumption of both operations obtained the same behavior, in which, at higher speeds and lower speeds of displacement there was the lower fuel consumption.
